S everal treatment techniques for neuromuscular disorders suggest that an alteration of tone will lead to functional improvement. For example, a frequently stated goal of the neurodevelopmental treatment approach is the achievement of normaliza tion of tone (Bobath, 1978) ; in proprioceptive neuro muscular facilitation (PNF) techniques, qUick stretch and antagonistic inhibition are used to selectively in crease and decrease tone in specific muscles (Voss, lonta, & Myers, 1985) ; in Brunnstrom's approach, stages of recovery are associated with the tonic con dition (Brunnstrom, 1970) ; and in the sensorimotor approach, the goal is to balance dynamic and postural tone so that movement may be permitted (Pedretti, 1985) . These techniques assume normal muscle tone is a prerequisite for normal functional movement.
Few research studies have addressed the efficacy of the neurodevelopmental techniques or their as sUL1ptions. Most investigations have not proVided ac curate assessment and documentation of the effective ness of neurodevelopmental treatments (Dombovy, Sandok, & Basford, 1986) . These techniques are diffi cult to assess because it is difficult to isolate compo nents of the approaches and to find proper experi mental controls, Several methods have been used to measure the level of spasticity, including joint angle response to a pendulum test (Bajd & Bowman, 1982) , torque output during isokinetically controlled movement (Bohan non & Larkin, 1985; Knuttson & Martenson, 1980) and during passive and active point movement (Broberg & Grimb , 1983; McPherson, 1986) , and torque and electromyographic responses of a limb to electrically or mechanically evoked reflexes (Mai, 1981) .
Few studies xamine the relationship between muscle tone and function. Shah (1979) eval uated the relationship between spasticity and functional hand movement in 100 patients. He concluded that spastic ity in the wrist flexors related highly to the ability to perform functional movements.
o other study has analyzed the relationship be tween muscle tone and upper extremity function, but several have evaluated the factors that affect occupa tional performance tasks. Lord and Hall (1986) found no significant differences between self-reported funCtional ability follOWing neuromuscular rehabilita tion treatment and traditional functional retraining. Lundgren-Lindquist and Sperling (1983) reported that level key grip strength was significantly corre lated with results in coordination tests and ability in handling electrical plugs. Gordon et al. (1985) found perceptual-functional retraining decreased hostility and anxiety and increased recreational reading, which is a functional skill. In three studies (Bjorneby & Reinvang, 1985; Denes, Semenza, Stoppa, & Lis, 1982; Kotila, 1984) , Visual-perceptual deficits were found to seriously hamper performance in functional indepen dence. Kotila (1984) reported that old age, acute stage hemiparesis, impaired intelligence and mem ory, and inadequate emotional reactions all have had negative influences on the outcome of stroke rehabilitation.
The purpose of this research was to investigate the interaction between muscle tone measured at the wrist and the patient's ability to perform self-care skills.
Methods
Subjects. Fifty subjects (23 male and 27 female) with a mean age of 67 years (SD = 12 years, range = 16 years to 88 years) volunteered to participate in this study. Twenty-three (46%) had had right cerebrovas cular accidents (CYAs), and 27 (54%) had had left CYAs. Subjects were within 3 weeks of admission to the rehabilitation hospital; the mean poststroke time was 30 days (SD = 32 days, range = 2 days to 219 days). Only aphasic persons, who were unable to fol low instructions, were excluded from the population before the 50 subjects were chosen. All 50 subjects were deemed medically stable by their physician and signed an informed consent form before inclusion in the study.
Instrumentation. Self-care ability was evaluated by chart review. The Klein-Bell ADL (activities of daily liVing) Scale was used as a gUide for quantifying the review (Klein & Bell, 1982) . Registered occupa tional therapists at the facility had observed and charted self-care ability within 1 week of the data col lection. Muscle tone was measured with a device de scribed by McPherson et a1. (1985) . The muscle tone measuring device held the subject's upper arm in a vertical position with the elbow at 90° flexion and the forearm horizontal in midposition between supina tion and pronation. The forearm was supported on the base of the device proXimal to the wrist and held on the dorsal and volar surfaces of the wrist by a sliding tray. The investigator slowly exerted force on a wooden surface on which the wrist rested, and the hand was moved into a position as close as possible to 70° flexion. A force measurement (dynamic fleXion) in kilograms was read from a force gauge attached to the device. Five seconds later, a second reading (static flexion) was taken without moving the wrist from its position of flexion. This procedure was re peated in extension for dynamic and static extension readings. Muscle tone was measured in the affected and unaffected wrists for each subject. Mcpherson (1986) hypothesized that the static component of muscle tone is generated by the length of extrafusal muscle fiber and the density of connective tissue at the wrist and that the dynamic component is attrib uted to the passive, plastic viscoelastic properties of muscle and the reflexive extensibility contraction of the muscle stimulated by stretch. The dynamic ratio score was derived from the ratio between dynamic flexion and extension, and the static ratio score from the ratio between static flexion and extension. The reflexive extension score was the difference between the dynamic and static extension components of the force output, and the reflexive flexion score was the difference between the dynamic and static flexion scores. Interrater reliability for the device was above .98 (McPherson et aI., 1985) . Because interrater reli ability was so high and the experimenters in this study were trained by the original researcher of the device, interrater reliability was not calculated for this study.
Procedures. A faculty member, a senior staff oc cupational therapist, and two senior occupational therapy students collected the muscle tone data. The researchers received 8 hours of training in adminis tering the muscle tone tests, and the students were supervised while taking the muscle tone readings. The chart review was done by a faculty member who is a registered occupational therapist.
Data Analysis. A factor analysis was conducted by means of an oblique varimax rotation. The termfactor refers to a theoretical variable derived from the corre lations between the original observed variables (Yan Deusen Fox & Harlowe, 1984) . In this study, the origi nal variables were the 16 muscle tone and the 5 self care variables, including the Klein-Bell Dressing, Elimination, Mobility, Bathing, and Eating scores. No correlations were done on these original variables because it would have been difficult to elicit mean ingful information from such a large number of vari ables. The object of a factor analysis is to represent the original variables as a smaller number of theoretical factors or constructs (Kim & Mueller, 1978) . A factor analysis was used because there were too many ob served variables to organize and analyze effectively with simpler statistical analysis (e.g., correlations of the 21 original variables). The use of a factor analysis allowed us to create a smaller subset of theoretical constructs, each of which was composed of a number of the original variables that shared common variance. Once the derived factor scores were determined, they were tested for independence with Pearson product moment correlations. These correlations of the factor scores indicated how closely the theoretical con structs were related to one another (e.g., if muscle tone increased, did self·care improve?). Correlation statistics were used instead of regression analysis be cause the investigators were not assuming a cause-ef fect relationship between muscle tone and self-care ability.
Results
The descriptive data, including the mean, the stan dard deviation, and the range for each variable, di vided by the side of hemiparesis, are shown in Ta ble 1.
Five factors emerged for the right hemiparetic subjects (see Table 2 ). Factor 1, Muscle Tone, Dy namic and Reflexive, was defined by left and right dynamic and reflexive flexion and extension. Factor 2, Muscle Tone, Static, was defined by static muscle tone readings and by eating. Factor 3, Muscle Tone, Ratio, was clearly defined by muscle tone ratio values. Factor 4, Activities of Daily Living, was defined by dressing, elimination, mobility, and bathing. Factor 5, 
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Muscle Tone, Right Dynamic and Reflexive Exten sion, was defined by right dynamic and reflexive muscle tone. These factors were correlated with one another by means of Pearson product-moment corre lations (see Table 3 ). The only significant correlation was between Factor 1, Muscle Tone, Dynamic and Reflexive, and Factor 5, Muscle Tone, Right Dynamic and Reflexive Extension. Five factors emerged for the left hemiparetic subjects (see Table 4 ). Factor 1, Muscle Tone, Dy namic and Reflexive, was defined by left and right dynamic and reflexive flexion and extension. Factor 2, Muscle Tone, Static, was defined by static flexion and extension. Factor 3, Activities of Daily Living, was defined by activities of daily liVing variables. Factor 4, Muscle Tone, RatiO, was defined by left static and dynamic ratio and right dynamic ratio scores. Factor 5, Right Static Ratio and Eating, was determined by right static ratio and eating. There were no significant cor relations between derived factors for the left hemi paretic subjects (see Table 5 ).
Discussion
The results of this study do not support the assump tion that there is a significant relationship between performance in activities of daily liVing and muscle tone at the wrist in persons with hemiparesis. This is important because, as clinicians, we hope that treat ment techniques for neuromuscular disorders will help the hemiparetic person with activities of daily liVing. Other factors may be involved as well.
Four limitations to this study should be noted. First, although standard procedures were followed during the evaluation of muscle tone, it was not possi ble to strictly adhere to them. When the subject'S arm was placed in the measurement device, the elbow was at greater than the standard 3-4 cm abduction because the subject was seated in a wheelchair. Second, the Klein-Bell scores were acquired by chart review, a procedure that is not as reliable as the quantification of data at the time of evaluation. Third, the subjects volunteered, which is a self-selection process. Fourth, muscle tone measurements were taken only at the wrist. It is possible that muscle tone abnormalities in other parts of the body, particularly in the rest of the upper extremity and the trunk musculature, mayad versely affect self-care functional ability. It is also pos sible that the patients had abnormal muscle patterns that would not be evident during this analysis but that might interfere with performance.
The analyses applied to these data do not totally account for abnormal tone at both ends of the scale (i.e., too low tone or force output, usually called flac Cidity, at the wrist may be as detrimental to functional Note. Factor analysis was conducted with oblique rotation.
ability in activities of daily living as high tone or high be that no significant correlation exists between ab passive force output). There may have been a signifi normal tone and activities of daily liVing. cant correlation between high tone and poor perfor Our results do not support those reported by mance in activities of daily living or between low tone Shah (1979) , who found that tone at the wrist did and poor performance in activities of daily liVing that correlate with function, However, our measurement would not have been readily obvious from the data methods for muscle tone and our parameters of func analysis, Another possibility is that there is no corre tion were different from those he used, Shah used lation between tone and activities of daily liVing prior independent arm movements as the functional move to extensive training and techniques in activities of ments, and we evaluated activities of daily liVing, daily living to improve muscle tone, Perhaps there Therefore, it is difficult to compare the two studies. may be a significant correlation between ability and
The finding that different aspects of muscle tone tone later in the rehabilitation process, Finally, it may (i,e" static, dynamic, and reflexive) were not signifi- Note, Factor analysis was conducted with oblique rotation, cantly correlated with one another is contrary to the muscle tone measurement). It also correlated with results for normal subjects investigated by Mathio the right-static-extension and left-static-flexion vari wetz, McPherson, and Carter (1986) , The static com ables for right hemiparetic subjects, It loaded on the ponent of muscle [One may be independent of the factor Muscle Tone, Static Ratio, but did not correlate dynamic component in persons with hemiparesis, as with right static ratio for left hemiparetic subjects, noted in this study, because of a problem with the Eating is a self-care skill, but it may be affected by neurological processes, These problems may result in different parameters or may represent a different set abnormal dynamic tone or passive force exerted dur of requirements (e,g" more wrist function) than do ing movement, but not in static tone or passive force other abilities in activities of daily liVing. exerted during a static position, It is important to re Our findings support the research finding member that statistically significant correlations are (Fleishman, 1966; Holland, 1968 ) that muscle func not necessarily meaningful and do not explain under tion is joint specific and activity specific, Perception is lying causes for the relationship, highly correlated with stroke outcome (Bjorneby & The eating variable loaded on the factor Muscle Reinvang, 1985; Denes et aI., 1982; Kotila, 1984) and Tone, Static. Loading on means that the variable is may be a variable that accounts for this difference. In a most closely related to other variables within the fac study by Katz, Ford, Moskowitz, Jackson, and Jaffe tor (i.e" eating is most closely related to the static (1963), feeding was the first activities of daily liVing The Americanjournal of Occupational Therapy function to improve in a group of chronically ill el derly people. The components of self-care skills need to be investigated further, perhaps by using the analy sis of activity composite described by Fleishman (966).
Further research is needed to analyze the predic tive value of muscle tone and the relationship be tween muscle tone and function. The analysis pre sented here could be replicated with a larger sample at the time patients are discharged, when self-care skills have improved and muscle tone is more stable. Correlations between muscle tone, self-care, and dexterity variables would be helpful in investigating the factors that do affect self-care ability. Looking at muscle tone or spasticity as the sole cause of the motor function disturbance is a univariate approach. Recent findings indicate that vision plays a dominant role in the development of postural control (Woolla cott, Debut, & Mowatt, 1987) . These findings are in consistent with previous theory and indicate the com pleXity of movement control. Perhaps what this article suggests is that other factors such as general state of health, cognition, and perception should be consid ered in treatment.
